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1.0 SUMMARY 

This document examines a Return-to-launch-SIte (RTL5) abort with 
three Space Shuttle Main Engines (SSME) operational. The results 
are trajectories and main engine cutoff (MECO) conditions that are 
approximately the same as a two SSME case. Requiring the three 
SSME solution to match the two SSME abort eliminates additional 
crew training and Is accomplished with negligible software Impact. 
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2.0 INTRODUCT ION 

Preliminary RTLS guidance and targeting software for the Space 
Shuttle Is documented In Reference (A). This note documents 
another In a series of performance verification studies planned 
to verify the adequacy of that software. The three SSME RTLS 
abort case was executed using essentially the same procedures 
required for the two SSME RTLS case. The method used was to mat" 1 
a three SSME abort look Identical to a single SSME failure by 
throttling back the three engines. A point is reached In throttle 
setting where the total thrust of all three engines Is equal to 
the commanded thrust of two engines for a single engine failure 
case. 
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3.0 DISCUSSION 

This study used a three degree of freedom simulation contained on 
a Space Vehicle Dynamic Simulation (SVDS) 2.3.11 milestone file 
(Reference (B)) for a Baseline Reference Mission (BRM) 3A launched 
from the Western Test Range (WTR). 

For simplicity It Is desirable to use the two SSME RTLS guidance 

for the three SSME R1LS abort. If the trajectories for the tv/o 
cases are similar then the crew procedures will be same. 

For the three SSME abort the throttle was set at 73 percent (2/3 
of 109 percent) during the fuel dissipation phase. Similarly a 
desired throttle setting of 2/3 X 100 or 67 percent was used 
during the flyback. With the exception of these modifications, 
the tv/o cases used Identical parameters. The code for the throttle 
commands Is presented below (Reference (C)): 

KJCMD = .73 + .36 (3 - N SSME) 

K 1 *= KJCMD - .18/N_SSME 
where 

K_CMD - fuel dissipation throttle command 
- flyback throttle command 
NJSSME- number of SSME active 

The only change required to Implement the three SSME is to change 
the value of N_SSME for the type of abort. This can be accomplished 
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with the sane flag or logic that reconfigures the autopilot at 
abort. 

The excess Orbital Maneuvering System (OMS) and Reaction Control 
System (RCS) fuel was dissipated by Igniting the two OMS and the 
four aft axial RCS engines. Subsequently a preselected quantity 
of OMS fuel was burned by tiie same RCS engines to Insure complete 
consumption of the OMS fuel before main engine cutoff (f'ECO). 

The turnaround time Is predicted assuming that the CMS and RCS 
engines are on until MECO. During flyback the time to go (TGO) 
to MECO Is computed using all currently active engines. 
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4.0 RESULTS 

Throttling the three SSME to the approximate thrust level of two 
SSME results In a successful RTLS. The conditions at MECO for 
three abort times are presented In Table I. Identical guidance 
target values were used In all cases. 

The simulation Included a two second Interval at minimum throttle 
prior to shutdown. The specified CO percent minimum throttle setting 
Is Independent of the number of active SSflF. This results In a 
mismatch between the simulations during the thrust termination 
phase. The result Is that the three SSME thrust termination 
phase Is approximately 0.5 seconds shorter than that of the twe 
SSME case because the 3 SSME case has higher acceleration during 
the two second minimum throttle Interval. Since both simulations 
are targeted at approximate^ the same Range-Velocity (RV) point, 
the three SSMF case must shutdown earlier to achieve -the sane 
increase in velocity as the 2 SSME case. The relative flight path 
angle Is positive, and decreasing at approximately 0.26 degrees 
per second for both cases. The effect of the 0.5 second earlier 
shutdown is exhibited by the lower altitudes and the .15 to .20 
degree higher flight path angles of the three SSME cases. 


CONDITIONS AT RTLS MAIN ENGINE CUTOFF 
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It should be noted that the minimum throttle Interval may not be 
required for RTLS and then no mismatch will exist. The minimum 
throttle 2/3 SSME mismatch was removed from the simulation by 
using 40 percent as the setting for the three SSME shutdown. This 
throttle setting Is equivalent to 60 percent used In the two SSME 
cases. The MECO conditions for these runs compare favorably to 
those of the t "0 S fM E esses. Th* maximum dlffere^e 0 between 
flight path angles was reduced from .20 to .03 degrees. A one 
degree change In the RTLS entry flight path angle yields approximately 
a five nautical mile change In range (Reference (D ) ) . The flight 
path angle differences shown in Table I would have a minimal effect 
upon the RTLS entry range. 

The trajectories are presented In Figures 1 to 3 for the Inertial 
velocity-altitude plane. The trajectories are very similar. The 
differences are due to the requirement that SSME throttle settings 
be intpl oriented in one percent increments. Tor instance, a change 
from 100* to 09* for the two SSME case would not be matched In the 
three SS!T case since for three SSME It would amount to only 2/3". 

The SSM.E throttle histories (figures 4 to 6) show typical response. 

The software 1mpac f Is negligible, consisting of an increase in 
core storage of three constants and an Increase in computation 
time due to five additional arithmetic operations. 



Figure 1 - Altitude vs Inertial Velocity for 
140 Second Abort, 3 and 2 SS*'? 







Figure 3 - Altitude vs Inertial Veloci 

22 0 Second Afcc-t, 3 and 2 S 
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5.0 CONCLUSIONS 

A three SSME RTLS abort can be accomplished by throttling the three 
engines In a manner to make the thrust approximately the same as 
the two SSME case. Minimum additional software Is required to 
support this case since It consists of only 

a) an Increase of core storage for three constants 
h) an Increase of computational time duo to five 
additional arithmetic operations. 


*vo 


mm 
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